A growing body of literature suggests that face-to-face interaction among clinicians in hospitals affects patient outcomes. How can face-to-face interaction among clinicians be influenced positively to improve patient outcomes in hospitals? So far, most strategies for improving face-to-face interaction in hospitals have focused on changing organizational culture. In contrast, this paper proposes a theoretical model that shows how spatial program and structure can help face-to-face interaction fulfill its purposes in hospitals by controlling the interfaces among different communities of clinicians.
Introduction
Communication and the way healthcare providers work together are major variables in healthcare safety. A 1999 Institute of Medicine (IOM) report estimates that there are 44,000-98,000 patient deaths each year and 1,000,000 excess injuries in the United States that are attributable to medical error, and it recommends the promotion of effective communication for a safer healthcare system (Kohn, Corrigan, & Donaldson, 1999) . The Joint Commission on Accreditation of Healthcare Organizations study of sentinel events (defined as unexpected occurrences involving death, serious physical or psychological injury, or the risk thereof) points to communication breakdown as the primary root cause of more than 60% of the 22,966 sentinel events analyzed (cited in Monroe & Graham, 2005) over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . Other sources suggest that the majority of errors in healthcare are caused by factors imbedded in different levels of complicated systems of care delivery; they point to poorly functioning teams and failed communication among individuals as major contributors to error (e.g., Andrews et al., 1997; Buerhaus, 2001) . It is in this context that this paper considers the clinical, social, and spatial dimensions of face-to-face interaction-one of many systems of communication-among clinicians in hospitals; it proposes a conceptual framework that engages all these dimensions for promoting effective face-to-face interaction.
Face-to-face interaction is a system of communication behaviors that may fall anywhere from unplanned, serendipitous interaction (e.g., chance encounters in the corridor) to planned, collaborative interaction (e.g., highly "formal" interactions that may last for hours). For such a system of communication behaviors to work, all participants must be sufficiently close to each other; additionally, they must have unmediated visual and/or verbal access to each other; they must engage in synchronous communication actions; and, whether serendipitous or collaborative, their communicative actions must have a limited time span. Unlike long-term collaboration, collaborative interaction should be viewed as a discrete event with a limited time span.
For years face-to-face interaction-particularly the informal kind-has held special interest for the research community. It has been posited to have at least three benefits for collaborative work: First, informal face-to-face interaction can help identify common interests and goals, leading to new collaborations (e.g., Allen, 1977) . Second, informal interaction can help current collaborators maintain awareness of their tasks and coordinate their activities (Cannon-Bowers, Salas, & Converse, 1993; Hutchins, 1994; Kraut, Egido, & Galegher, 1990b) . Finally, informal communication can help develop and maintain social bonds among coworkers (Kiesler & Cummings, 2002; Kraut, Fish, Root, & Chalfonte, 1990a) .
A growing body of literature on collaboration in healthcare settings lends direct and indirect support to the importance of face-to-face interaction in patient and staff outcomes (e.g., Baggs, Ryan, Phelps, Richeson, & Johnson, 1992; Baggs et al., 1999; Delaney, Jacob, Iedema, Winters, & Barton, 2004; Knaus, Draper, Wagner, & Zimmerman, 1986; Koerner, Cohen, & Armstrong, 1986; Kramer & Schmalenberg, 2003; Mitchell, Armstrong, Simpson, & Lentz, 1989; Shortell et al., 1994) . Examples of direct support for the importance of face-to-face interaction can be found in a comparative study of face-to-face and video-conferenced multidisciplinary breast cancer clinical meetings among three public hospitals. The study reported that the face-to-face meetings were more informal, spontaneous, and conducive to open discussion; that most of the participants in the trial preferred the face-to-face meetings to the videoconferences; and that the mean number of cases discussed in the videoconferences was significantly less than the mean number of cases presented at the face-to-face clinical meetings (Delaney et al., 2004) .
Examples of indirect support for the importance of face-to-face interaction can be found in a study on the association between interdisciplinary collaboration and patient outcomes in a medical intensive care unit (ICU) (Baggs et al., 1992) . This study reported that, regardless of their conditions, patients ran a 5% chance of death or readmission when nurses believed they had worked successfully with medical residents. The risk more than tripled when the residents made decisions about patient care without adequate nurse consultation.
In another study on a similar topic, Baggs and colleagues (1999) also reported that collaboration was associated with a lower risk of negative outcomes, and this association was stronger for very sick, complex patients. Knaus and colleagues (1986) reported that a high degree of involvement and interaction among caregivers could directly influence patient outcomes. In their study of 5,030 patients in 13 ICUs, they found that collaboration among caregivers was the most powerful factor accounting for observed differences in patient outcomes. Based on their analyses of the data collected from 17,440 patients in 42 ICUs, Shortell and colleagues (1994) reported a positive association between caregiver interaction and a shorter risk-adjusted length of stay. Research conducted at 14 magnet hospitals also indicated that healthy collaborative relationships among caregivers were not only possible, but they were directly linked to optimal patient outcomes (Kramer & Schmalenberg, 2003) .
Along with its positive effects, face-to-face interaction also has negative effects. It can often be disruptive, because it involves synchronous communication among participants. In hospitals, such disruptive behavior may increase the potential for clinical error (e.g., Parker & Coeira, 2000) .
In an observational study of communication behaviors in a hospital setting, Coiera and Tombs (1998) found that synchronous communication behaviors are often individually inefficient or unsuccessful. That is because all parties to a communication may not be able to participate, or they may be too overloaded with information to provide any positive response or feedback. Coiera and Tombs (1998) suggest that, taken as a whole, synchronous communication behaviors may result in an interruption-driven environment in a hospital.
Despite its interruptive and inefficient nature, face-to-face interaction remains an important medium of communication in hospitals. For example, in the review of information transactions in a hospital with a mature computer-based record system, it was found that about 50% of all transactions occurred face-to-face between colleagues (Safran, Sands, & Rind, 1999) . This dependence on face-to-face interaction is likely to persist regardless of high-end wired and wireless computerized communication technology. In general, people prefer face-to-face interaction over other forms of communication for quality, cost, and frequency (Kraut et al., 1990a (Kraut et al., , 1990b . Face-to-face interaction is also a high-quality communication behavior, because it involves more than one sensory channel (further explanation follows). Additionally, it is inexpensive when participants are co-located coworkers. Because face-to-face interaction among co-located coworkers involves little or no cost, they are able to engage in it more frequently.
In summary, the reported benefits of face-to-face interaction are so remarkable that any effort to reduce or eliminate it from any workplace in favor of other kinds of mediated communication must be considered carefully. As a system of communication behaviors among caregivers, faceto-face interaction can be extremely relevant to patient safety in hospitals. Therefore, one should p A p E R S R E S E A R C H HoSpitAl DESigN AND fACE-to-fACE iNtERACtioN AmoNg CliNiCiANS seek ways to improve face-to-face interaction and reduce the threat that ineffective face-to-face interaction may pose to the safety of hospitalized patients.
Face-to-Face Interaction and Hospital Design: Defining the Problem
A growing body of literature in several environmental design research areas including offices, laboratories, housing complexes, and acute care health facilities lends support to the claim that the physical design of an environment affects individual and organizational performance and outcomes, including communication, interaction, and collaboration. (For a recent review of the empirical literature on the effects of physical design in office settings, see ; for acute healthcare facilities, see Ulrich, Zimring, Joseph, Quan, and Chaudhary, 2004 . For a comparative review of the findings for office and healthcare settings, see Rashid & Zimring, 2008) . A review of some of the interesting findings reported in the literature regarding the effects of physical design on communication, interaction, and collaboration follow.
• Physical design can affect the quality and quantity of interaction (e.g., Brookes, 1972; Oldham & Brass, 1979; Sommer, 1967; Steinzor, 1950; Sundstrom, Town, Brown, Forman, & McGee, 1982; Sundstrom, Herbert, & Brown, 1982) . • The location of people and activity, and physical distance among workers may be linked to informal communication (e.g., Allen, 1977 ). • The proximity of workspaces may predispose the development of an informal group among compatible people as an outgrowth of the informal communication associated with proximity (e.g., Homans, 1950) . • Spatial arrangement, including the location of functions, walls, partitions, furnishings, and other barriers, may affect cohesiveness and interaction among groups (e.g., Bobele & Buchanan, 1979; Lawrence & Lorsch, 1967) . • Visibility and accessibility play powerful roles in the way individuals perceive and use workplaces and communicate within them (e.g., Hillier & Penn, 1991; Rashid, Craig, Zimring, & Thitisawat, 2006a; Rashid, Kampschroer, Wineman, & Zimring, 2006b; Rashid & Zimring, 2003) .
Some of the interesting findings regarding the effects of physical design on communication, interaction, and collaboration in healthcare facilities follow:
• Staff time spent walking may be related to time spent in patient-care activities, including nursephysician interactions (Hendrich, 2003; Trites, Galbraith, Sturdavant, & Leckwart, 1970) . • Patients in private rooms are more satisfied regarding their communication with staff members. Healthcare professionals have more private and-in many cases-more thorough consultations with patients in single rooms (Ulrich, 2003) . • Patients interact more frequently when they are given private rooms (Holahan & Seagert, 1973; Ittleson, Proshansky, & Rivlin, 1970) . • In spite of these findings, the literature on com-munication development strategies in hospitals rarely mentions hospital design as a strategic tool for improving nurse-physician collaboration (Evans & Carlson, 1997; Lindeke & Sieckert, 2005; Lindeke, Hauck, & Tanner, 1998) . So far, most strategies for improving the quality of face-to-face interaction in hospitals have focused on changing organizational culture (e.g., Boyle & Kochinda, 2004; Firth-Cozens, 2001) . Therefore, a gap exists in our knowledge regarding how the design of hospitals can be used to control and manage the ways in which various practice communities engage in face-toface interaction in hospitals. To close this gap, a theoretical model linking clinicians' face-toface interaction to hospital design is proposed, but with the following caveat: Because there are numerous types of face-to-face interaction among clinicians, the model focuses only on those that occur in the context of patient care. Therefore, a typology of clinicians' interactions based on patient needs is proposed in the next section.
Safety, Patient Needs, and Face-to-Face Interaction
Although safety may become an issue as soon as a patient enters a hospital seeking medical care, it is safe to assume that any threat to patient safety increases as the patient's condition becomes increasingly critical and the time available for medical action decreases. Indeed, the literature suggests that healthcare errors occur more frequently when complex, coordinated patient care tasks must be completed quickly (Sherwood, Thomas, Bennett, & Lewis, 2002) . Therefore, a combina-tion of these two factors-acuity and complexity-is used here to characterize hospitalized patients and to determine their communication and interaction needs ( Figure 1 ). The vertical axis of Figure 1 indicates patient acuity level, ranging from low to high; the horizontal axis indicates the level of complexity, again ranging from low to high. Consequently, the diagram helps define four types of patients:
• Type 1: Low complexity-low acuity patients:
This category includes patients who are at minimal risk. The needs of these patients often can be met through normal inpatient care in an acute hospital. • Type 2: Low complexity-high acuity patients:
This category includes patients whose conditions are at risk of deteriorating at any time. The needs of these patients often can be met through normal inpatient care with occasional advice and support from outside clinical experts. • Type 3: High complexity-high acuity patients:
This category includes patients in need of respiratory support alone or respiratory support together with the support of organ systems. This patient type probably includes all complex patients who require support for multiorgan failure.
• Type 4: High complexity-low acuity patients:
This category includes patients who require more detailed observation and/or intervention, and who were relocated recently from higher levels of critical care. These patients often require additional support and advice from the critical care team.
Although all hospitalized patients require effective communication among caregivers for safe and effective medical care, not all forms of communication work well for all patients. In this regard, Daft and Lengel's (1984) distinction between impoverished and rich communication channels is useful. According to Daft and Lengel (1986) , rich communication channels are the ones that "can overcome different frames of reference or clarify ambiguous issues to change understanding in a timely manner" (p. 560). In order of decreasing richness, they consider (1) face-to-face interaction or communication, (2) the telephone, (3) personal documents such as e-mails and letters, (4) impersonal documents, and (5) numeric documents.
Research findings show that interaction involving rich communication channels helps increase awareness of each other. As a result, the commu-nication process may become more effective. For example, when work groups are engaged in more complex tasksthat is, tasks that are varied, lack routine procedures, and require group members to think through solutionsthey are far more likely to communicate directly with other group members and to have more face-to-face interaction to coordinate their activities (Van de Ven, Delbecq, & Koenig, 1976) . Daft and Lengel (1984) demonstrate that organizational members prefer rich and interactive media such as face-toface interactions when there are value conflicts and other disagreements to work through. Argote (1982) shows that when groups with greater task uncertainty engage in face-to-face interaction to coordinate their activity, they are more successful in performing their work than when they rely on standard procedures only.
Following the preceding distinction between rich and impoverished communication channels, Figure 2 defines the face-to-face interaction needs of different categories of patients. It indicates that for high complexity-high acuity patients, faceto-face interaction among caregivers may be just right, because it involves rich communication channels. In contrast, for low acuity-low complexity patients, it may be possible to dispense with face-to-face interaction if it requires time and effort to bring together clinicians who are at a distance from each other. In fact, for the latter type of patients, caregivers may very well prefer to use some kind of mediated communication channel, such as telephone conversations or video conferencing, when face-to-face interaction is not an option.
Regarding hospital design in relation to face-to-face interaction, it is interesting to note that the makeup of caregivers varies depending on patient condition. Furthermore, a patient may go through several stages of care during a hospital stay and, consequently, may receive care from more than one group of caregivers. The interface between changing patient conditions and the changing makeup of caregivers makes designing for interaction so much more difficult in hospitals. It is this interface between changing patient conditions and the changing makeup of caregivers that makes designing for interaction so much more difficult in hospitals. Therefore, it is important to know who, among the caregivers, is responsible for taking care of these different categories of hospitalized patients; and what kind of communities do these caregivers create for themselves?
Patient Care and Hospital Communities
In hospitals, caregivers come from many differ-ent healthcare professions. Often, these caregivers form structurally distinct entities (i.e., communities) that enable them to share knowledge and resources in support of medical practice. A caregiver may participate in any number of such communities. The two most pervasive types of such communities are communities of practice (CoPs) and communities of interest (CoIs).
CoPs consist of practitioners who work in a particular knowledge or practice domain and who perform similar work (Wenger, 1998) . CoPs in hospitals may include, for example, a group of nurses who meet regularly to share stories about how to solve the problems they encounter in their work, or a group of cardiologists who commonly share stories on a particular kind of heart disease. As members, these practitioners perform different tasks in the interest of the CoPs, and develop and share all sorts of ways to deal with the problems and issues that interest them. They value their own collective knowledge and learn from each other, even though their value and/ or existence may remain unnoticed by outsiders. Sharing the same job or the same title does not ensure membership in these communities unless the interested individuals interact and learn together. More often, newcomers enter the community from the periphery and move toward the center as they gain more knowledge about the common goals and interests of the community and as they gain trust and respect in the community based on their eagerness to help the community. Generally, hospitals as organizations do not impose any restrictions on when, where, and how these communities interact.
Notably, critically ill patients often require clinicians to question old ways of doing things or to seek unorthodox solutions; the group thinking and sharing attitude of CoPs can act as a barrier, suppressing exposure to and acceptance of outside ideas and thereby having a negative impact on patient care. Unlike CoPs, CoIs are formed by individuals from different knowledge and/or practice domains to perform a specific task, and they are often dissolved once the task is accomplished. A common example of a CoI in hospitals is the multidisciplinary medical team formed around a critically ill patient. The team includes not only physicians, who may participate as consultants, but also other healthcare professionals who work side by side with physicians. The most numerous of these professionals are critical care nurses, who complement the physician staff in establishing plans, writing orders, and directing management. The team also typically includes respiratory therapists, who are experts in many forms of pulmonary diagnosis and intervention; pharmacists, who help review medication profiles and determine whether a patient is predisposed to side effects or drug interactions; a dietitian, who has advanced training in nutritional support strategies and pitfalls; a medical social worker, who provides ongoing psychosocial assessments and support; representatives of the chaplaincy staff, who are available on call to offer spiritual support to patients, families, and ICU staff members; and a unit secretary, who manages administrative tasks such as reception, telecommunications, and chart maintenance. In addition, the ICU staff generally includes many other trainees who are there to learn as fellows, residents, nursing students, and dietetics students.
One advantage of a multidisciplinary medical team, like any other example of a CoI, is that the different backgrounds, knowledge, and perspectives of its members can lead to new insights regarding a critically ill patient. This is important because the knowledge to understand, frame, and solve certain medical problems of a critically ill patient may not yet exist. Among the barriers of a medical team is the fact that, because of their differences, its members may fail to create common ground and shared understanding for the care of a critically ill patient. Another barrier is that some members of a medical team may possess an important yet incomplete understanding of the problems presented by a critically ill patient. This kind of knowledge distribution implies that com-munication and mutual teaching and learning must be regarded as important among the members of a medical team. Yet another barrier is that opportunities for many face-to-face interactions among the members of a medical team are rare, because the team is generally short-lived. Consequently, creating and fostering a sense of community among the members of a medical team can be difficult. A sense of community, which provides a feeling of belonging, attachment, and engagement, is needed for members to perform at a higher level and claim ownership of and responsibility for the problems and opportunities presented in a critical situation.
In this context, Engeström's study on learning challenges in the multiorganizational medical care of children in the Helsinki area of Finland is instructive (Engeström, 2001) . As the author describes it, the problem was that some children with multiple diagnoses or an unclear diagnosis at the Children's Hospital would often drift among caregivers and no one person had oversight or overall responsibility for a child's course of care. Thus, the learning challenge in this setting was to acquire a new way of working in which stakeholders from different interest groups would collaboratively plan and monitor a child's trajectory of care, assuming joint responsibility for its overall progress. To meet this challenge, the author organized multiple laboratory sessions involving the various interest groups. In the very first session, it became obvious that these groups distrusted each other, thus creating a "defensive deadlock," and that these children belonged not to one, but to many critical pathways. As the author describes it, it took 10 laboratory sessions before the interest groups identified a model of care agreement for a new pattern of activity to achieve collaborative care of children with multiple illnesses across institutional boundaries. Figure 3 is an attempt to identify how CoPs and CoIs get involved in the care of hospitalized patients. It must be noted here that these hospital communities exist (as in the case of CoPs) or they come into being (as in the case of CoIs) to work with clinical entities that can be found in every hospital providing basic patient care in accordance with standard patient care protocols or clinical pathways. We would like to call these pre-existing, predefined clinical entities "typical" medical teams in contrast to "multidisciplinary" medical teams (examples of a CoI), or informal communities of clinicians (examples of a CoP). It must be made clear here that CoPs and CoIs do not replace typical medical teams in any hospital.
As shown in Figure 3 , all critical patients (i.e., high complexity-high acuity patients) require care services from CoPs, such as multidisciplinary medical teams, because their medical conditions are ambiguous and may pose immediate threats to their lives. In contrast, noncritical patients (i.e., low complexity-low acuity patients) often are treated by a typical medical team following customary care protocols, because their medical conditions are rarely ambiguous or pose immediate threats to their lives. Figure 3 also demonstrates that often a CoI serves all patients, usually serendipitously, regardless of their medical conditions. Their services may sometimes benefit patients, as when a CoI works to improve patient safety. At other times, their services may be harmful to patients, as when their group-thinking and sharing attitudes act as a barrier suppressing exposure to, and acceptance of, outside ideas that might benefit patients.
A detailed study of hospital nursing care processes reported by Tucker and Edmondson (2002) supports the fact that the practice culture of informal hospital communities can be a barrier to positive change. The researchers gathered qualitative data on 26 nurses from 239 hours of observation at nine hospitals to develop an understanding of how nurses might respond to failures they encountered in the operational processes of their hospitals. The results of their study suggest that-in spite of the increased emphasis on these issues-nurses did not actively seek to identify long-term solutions for daily problems or the most common errors. In most cases, nurses implemented short-term fixes, and they reported feeling gratified when they figured out a way to work around a problem. Consequently, nursing communities in these hospitals failed to realize that short-term fixes for daily problems could be counterproductive at times, and that these fixes prevented them from understanding that their processes could be improved. These researchers found that, on average, 33 minutes were lost per 8-hour shift in coping with system failures that could have been addressed and resolved.
Tucker and Edmondson (2002) sary for continuity of patient care, ask for help from people who are close socially rather than from those who are best equipped to correct the problem. The first rule of thumb allowed nurses to meet the requirements of the current patient-a responsibility that the nurses did not take lightly. It also reduced the amount of time the nurse spent away from patient care duties; engaging in extra activity beyond the immediate fix would be a further drain on the amount of care the current patient received. The second rule of thumb helped preserve the nurse's reputation regarding his or her competence to handle the daily rigors of nursing. It also allowed nurses to defer unpleasant encounters with difficult physicians or managers as long as possible. At the same time, it all but precluded addressing the underlying causes of a problem, making it impossible to improve the system.
In light of the preceding discussion, it is clear that any hospital design must consider the needs of both CoPs and CoIs in addition to the needs of the standard practice of patient care. In other words, hospital design must support the creation and evolution of these communities over and above the support it provides for the routine functions related to patient care.
Hospital Communities and Knowledge
In this context it is necessary to discover a more rigorous way to define the relationship of hospital communities to the production and reproduction of medical practice knowledge using the ideas of strong and weak ties (Figure 4 ). Following the line of argument that Granovetter presents, it may be argued that an individual can be a part of multiple communities at any time (Granovetter, 1973 (Granovetter, , 1983 . In some of these communities, people are less likely to be socially involved with one another than in other communities. That is because the density of the network among the people varies from one community to another. In a low-density network (one in which many of the possible relational lines are absent), people are less likely to interact frequently, because they have weak interpersonal ties, or simply weak ties. In contrast, in a densely knit network (one in which many of the possible relational lines are present), people are more likely to interact frequently, because they have strong interpersonal ties, or simply strong ties (Granovetter, 1973 (Granovetter, , 1983 .
For the production and/or reproduction of knowledge, the fact that every individual has strong and weak ties implies the following: Ideas or information cannot traverse greater social distance if they are passed only through strong ties. If they are, many people will receive the same information a second or third time, because those linked by strong ties tend to share friends. Therefore, if the goal is to spread the idea or information over greater social distances, then one should pass it through people linked by a weak tie, who are unlikely to share one's friends and who have a collection of close of friends of their own. "It follows, then," writes Granovetter:
[That] individuals with few weak ties will be deprived of information from distant parts of the social system and will be confined to the provincial news and views of their close friends. This deprivation will not only insulate them from the latest ideas and fashions but may put them in a disadvantaged position …The macroscopic side of this communications argument is that social systems lacking in weak ties will be fragmented and incoherent. New ideas will spread slowly, scientific endeavors will be handicapped…. (Granovetter, 1983, p. 202) For the purposes of this paper, the author proposes that, quite often, a CoP involves clinicians who are linked by strong ties and a CoI involves clinicians who are linked by weak ties. Because of their structural limitations, CoPs are better for preserving and reproducing knowledge, while CoIs are better for creating and advancing knowledge. However, as shown in Figure 3 , in hospitals there are many situations where both CoPs and CoIs are involved in the reproduction and production of medical knowledge at the same time. From a clinical point of view, the effects of these concurrences can sometimes become counterproductive. As shown in Figure 4 , in situations where the production of knowledge is important, the involvement of some of the informal communities with strong ties may decelerate the process, because they evolved around an existing culture of clinical practice that tends to cling to old ideas, disrupting the process of knowledge production. In contrast, in situations where the reproduction of knowledge is important, the involvement of communities with weak ties may decelerate the process, because such communities offer far too many new ideas coming from various, distant parts of the social system. The notion presented in this paper is that, when designed properly, space can help to minimize not only the negative effects of the conflicts between CoPs and CoIs, but it can help to enhance the positive role of a community in patient care. To further clarify this concept, the role of space in the production and reproduction of knowledge must be explained.
Space and Knowledge
To explain the relationship between space and knowledge, the authors use the concept of the continuum of strong and weak programs used by Hillier in his book The Space Is the Machine (Hillier, 1996) . As Hillier defines it, a program is the spatial dimension of the interfaces among different categories of people and their functions in a building. According to Hillier, whether the program of a building is strong or weak depends on the sequences and relationships of spaces within the building. He uses a court building as an example of a strong program building, because all necessary interfaces among numerous categories of users must happen in exactly the right way, and all unnecessary interfaces must be excluded. In contrast, the editorial office of a daily newspaper can be considered a weak program building, because its logic seems to be the opposite of a court building. To maximize the flow of information, an editorial office generally does not restrict the interfaces among its users based on categories. Rather, it helps structure a dense and random pattern of encounters.
In other words, in a strong program building, all or most spatial relations and sequences are predetermined by categorical identities and functional needs. As a result, each of the required interfaces in the building occurs in a predictable manner, and all unpredictable interfaces (i.e., encounters and interactions) are excluded. Simply put, the purpose of a strong program building is to reinforce categorical identities, and to conserve and recreate knowledge. In contrast, in a weak program building, some-but not all-spatial relationships and sequences are predetermined by categorical identities and functional needs, and unpredictable interfaces are allowed to occur. Consequently, boundaries among categorical identities become blurred and opportunities for the creation of knowledge improve.
Earlier it was argued that weak ties generate knowledge and strong ties conserve knowledge.
Here, it is posited that a weak program building, by permitting unpredictable interfaces such as those expected among people with weak ties, can help generate knowledge. In contrast, a strong program building, by permitting only predictable interfaces such as those expected among people with strong ties, can help conserve knowledge. In other words, as shown in Figure 5 , the effects of the continuum of weak and strong building programs and the continuum of weak and strong social ties on knowledge are quite similar (see also Figure 4 ).
The consequences of the preceding observations are significant for hospital design and are illustrated in Figure 6 . According to that figure, when the process of knowledge production (e.g., the creation of a new clinical regimen) decelerates due to the involvement of communities with strong ties (e.g., a CoP) in a patient care situation, a weak program building may help alleviate some of the possible negative effects by promoting unpredictable interfaces. In contrast, when the process of knowledge reproduction (e.g., the recreation of an old clinical regimen) decelerates due to the involvement of communities with weak ties (e.g., a CoI) in a patient care situation, a strong program building may help alleviate some of the potential negative effects by excluding unpredictable interfaces. In other words, the program of a building (i.e., the spatial dimensions of the interfaces among different categories of people and their functions), if defined properly, can help create a hospital design where interfaces among hospital CoIs and CoPs are sufficiently controlled and managed for effective face-to-face interaction.
Face-to-Face Interaction and Hospital Design: Strategy vs. Tactics
Based on research evidence, it has been argued in this paper that face-to-face interaction can offer more unmediated access and more channels for high-quality information exchange among participants than any other form of communication behavior. It can also provide more immediate and direct opportunities for eliminating misunderstanding and mistrust among participants. As a result, it can help create common ground and shared understanding; help promote teaching and learning; help generate knowledge collaboratively; and foster a sense of community among participants. Recall: face-to-face interaction is not always without misunderstanding and distrust. Sometimes face-to-face interaction can serve personal and social goals more than organizational goals. At other times, telephone calls, personal documents such as e-mails and letters, impersonal documents such as patient care protocols, and numeric documents such as hospital statistics can be as useful as or even more useful than face-to-face interaction for communication among clinicians in hospitals. In spite of these drawbacks, the research evidence suggests that the benefits of purposeful and timely face-to-face interaction can be as real in hospitals as in any other workplaces.
Therefore, one of the goals of supportive spatial design for CoPs and CoIs in hospitals is to help promote face-to-face interaction among the members of these communities. Such a design must recognize the fact that face-to-face interaction serves many functions in hospitals. Typical among these functions are:
• To help reproduce existing knowledge of medical practice when a patient presents usual and predictable complications • To help produce new knowledge of medical practice when a patient presents unusual and unpredictable complications • To help mutual teaching and learning among the members of CoIs who possess incomplete yet important knowledge about a patient • To help improve a sense of community when the short life span of a CoI offers limited opportunities for interaction • To help improve peripheral learning among the members of CoPs so that a newcomer can learn the core values of the community
The design needs of these functions are interrelated, but they are not mutually exclusive. As we have already observed, the requirements of spaces for the reproduction and production of knowledge (in this case the knowledge of medical practice) are different, even though both may depend on face-to-face interaction.
According to the arguments presented earlier, one important strategy to organize and control face-to-face interaction for the achievement of functional goals is to adopt the continuum of a weak and strong program. In theory, it should be possible to make use of the functional and/or social logic inherent in the program of spaces to enhance any complementary social dynamic or to thwart any opposing social dynamic affecting the delivery of clinical services. However, there are numerous ways to create a weak or strong program that, in themselves, can present formidable barriers.
Design tactics involve changing the physical form and space of a building. The elements of physical form include the aesthetic, geometrical, physical, and technological properties of the boundaries (walls, ceilings, and floors) that de-...one important strategy to organize and control faceto-face interaction for the achievement of functional goals is to adopt the continuum of a weak and strong program. fine the spaces in a building. These properties can be different for every boundary of any given space. As a result, it is impossible to take into account every aspect of the physical form when making tactical design decisions regarding faceto-face interaction. In contrast, the elements of the spatial organization of a building are finite. These elements can be either the functional units defined by the physical boundaries, or they can be the units of our experience of a building (e.g., our sightlines and visual fields from different locations within a building). Although changing physical form to create immediate visual and physical effects appears more appealing as a design tactic, building design seems to have the most far-reaching effects at the spatial level. It has been argued in the literature that the structure of space, by means of its effects on our everyday experiences, not only can help preserve old social relationships, but it can also help create new ones (Hillier, 1996; Hillier & Hanson, 1984) . Thus, for present purposes, this paper is limited to defining appropriate building programs for face-to-face interaction using the elements of spatial structure.
Sightlines, Spatial Structure, and Faceto-face Interaction in Hospitals
Among all experiential elements, sightlines have been used most to describe spatial structures and their effects on the behavioral, social, and cultural functions of buildings and cities (e.g., Hillier, 1996; Peponis, Ross, & Rashid, 1997; Rashid, Wineman, & Zimring, 2009; Rashid et al., 2006a Rashid et al., , 2006b Rashid & Zimring, 2003) . A technical term for sightline is axial line. An axial line is defined as the longest sightline that runs through any given space within a spatial system such as a building or a city. The axial map of a layout is a set of the minimum number of the longest sightlines needed to cover every space and to complete every circulation ring in the layout without crossing any physical objects (Figure 7 ). An axial map provides a rigorous way to describe how people see and move in a layout. It is important, because in a given space individuals often prefer to move along a straight line, as represented by an axial line, unless there is a reason not to do so. Additionally, the way individuals move in a space is often defined by the number of choices available from a line of movement as represented by the number of intersections an axial line has with other axial lines.
Two important descriptors of the structure of an axial map are connectivity and integration. The connectivity value of an axial line is the number of axial lines directly connected to the line. This local property of an axial line is interesting, because it describes the degree of choice present on the line: the higher the connectivity of an axial line, the greater the number of choices of movement from the line. The integration value, on the other hand, is a global property describing the degree of connectedness of an axial line to all other axial lines on an axial map: the higher the integration value of an axial line, the easier it is to get to the line from all other lines. The diagrams in Figure 8 show how the integration value of an axial line can be computed using graph-theoretic techniques. The importance of the descriptor is intuitively clear. For example, an easily accessible common area needs to be located on an axial line with a high integration value; a private office needs to be located on an axial line with a low integration value.
In addition to the integration and connectivity values, the number and the length of axial lines, which represent the direction and reach of the visual field of a space, have been used in several studies to describe the degree of local access and control in a spatial system. There is also the intelligibility value of the axial map of a spatial system, which is defined as the degree of correlation between the local property (e.g., connectivity) and the global property (e.g., integration) of the axial lines on the map. In an intelligible spatial system, the local and global values must have strong correlations, so that a peripatetic observer formulates a consistent understanding of the global system from personal experience at the local level. If the correlation is poor, the system may lose its coher-ence and become unintelligible to the peripatetic observer (Hillier, 1996) .
As noted earlier, the purpose of a weak program building is to maximize opportunities for interface and interaction. To do so, the building also must maximize flexibility in movement at both the local and global levels. As the evidence suggests (e.g., Hillier, 1996; Peponis et al., 1997; Rashid et al., 2009; Rashid et al., 2006a Rashid et al., , 2006b , at the local level flexibility in movement should increase as the connectivity values of axial lines increase. At the global level, flexibility in movement should increase as the integration values of the axial lines increase. In addition, in a weak program building, the connectivity and integration values of the axial lines should correlate with one another to provide the system a strong sense of coherence. Without a strong sense of coherence, the peripatetic observer may lose the motivation to explore the spatial system. In contrast, the purpose of a strong program building is to restrict opportunities for interface and interaction. To do this, the building must restrict movement at both the local and global levels. At the local level, flexibility in movement should decrease as the connectivity values of axial lines decrease, as the evidence suggests. At the global level, flexibility in movement should decrease, as the integration values of axial lines decrease. The connectivity and integration values of axial lines in the system may still correlate with one another, conferring a sense of coherence on the system. However, in this case any sense of coherence may not work to motivate the peripatetic observer to explore the spatial system. Rather, it works to impose order on the organization it accommodates.
It then follows that, if the goal is to help typical medical teams and CoPs in hospitals reproduce or reuse an existing clinical practice regimen when patients pres- ent usual and predictable complications, then the mean connectivity and integration values of its axial lines should be low to restrict movement, thus reducing unpredictable interfaces and interactions. However, the structure still needs sufficient intelligibility to allow the organization to function properly. In other words, to meet the goal, a strong program building where movement is generated by the program of the hospital should be built.
If the goal is to help CoIs in hospitals produce a new clinical regimen when a patient presents unusual and unpredictable complications, then a weak program building where the axial lines have high mean connectivity and integration values is needed to encourage movement, and thereby more unpredictable interfaces and interactions. The structure of such a building also needs high intelligibility to facilitate movement. In other words, to meet this goal, a weak program building where movement is generated by the spatial structure of the hospital building should be built.
By providing more opportunities for interaction, the spatial structure of a weak program building also facilitates mutual teaching and learning among members of the CoI, who may possess incomplete yet important knowledge about the patient. Additionally, when the short lifespan of a CoI does not enable a sense of community to develop sufficiently among its members, a well-connected, intelligible spatial structure can help by generating more movement, thus providing more opportunities for face-to-face interaction. Moreover, if the goal is to improve face-to-face interaction among the members of CoPs in hospitals for the peripheral education of a newcomer, the increased movement associated with a weak program spatial system may help by providing numerous opportunities for face-to-face interaction between old and new members.
In summary, the continuum of weak and strong programs can be regulated by using the structure of space to facilitate face-to-face interaction among the members of CoIs and/or CoPs in hospitals. However, as this discussion reveals, a hospital building as a whole may be neither a strong program building nor a weak program building. Instead, the different parts of a building should have different spatial programs depending on functional needs. For example, a layout may follow a strong program in clinical areas where typical medical teams and CoIs provide basic medical care for patients. In contrast, a layout may follow a weak program in clinical areas where hospital communities, such as CoPs, provide innovative and unusual medical care for complicated, critically ill patients. In clinical areas, where both these types of communities come together, a layout may follow either a weak program or a strong program depending 
Discussion
This paper proposes a model to help design hospital spaces for effective face-to-face interaction among clinicians. The need for such a model is justified on the basis of the evidence, which clearly suggests an association between face-toface interaction and patient and staff outcomes in hospitals and between face-to-face interaction and physical design in several environmental settings including hospitals.
In developing the model, the paper considers various clinical, social, and spatial factors that influence face-to-face interaction among clinicians in hospitals. It synthesizes insights from multiple disciplines and poses several questions, such as: Is it possible to categorize patients to help define the type of clinician interaction that is most appropriate for their medical care? Who, among the caregivers, is responsible for taking care of these different categories of patients? What kind of communities do these caregivers create for themselves? What is the nature of the interface among these hospital communities in the context of patient care? How do these interfaces influence the production and reproduction of clinical knowledge? How does hospital design influence the production and reproduction of clinical knowledge through its moderating effects on clinical interfaces and communication?
In a nutshell, the model categorizes hospitalized patients on the basis of their levels of acuity and complexity. This categorization is then used to define the kind of clinician interaction most appropriate for each category of patient. For example, it is argued that face-to-face interaction, because it is a rich communication channel, may be more appropriate for high-acuity, high-complexity patients because it provides more opportunities to resolve ambiguous and difficult problems in a limited time span. It is also argued that the context of face-to-face interaction is complicated by the fact that often clinicians are members of different hospital communities of practice and interest. These communities are relevant to understanding the process of clinical knowledge reproduction and creation by means of face-toface interaction. It is suggested that some highacuity, high-complexity patients require a new clinical regimen (i.e., knowledge creation), while others simply proceed according to a prescribed clinical pathway (i.e., knowledge reproduction). At this point, the model introduces the idea of strong and weak program buildings to help explain how spatial design can help to reproduce and create knowledge. The model concludes with some suggestions regarding how spatial design may help control and manage face-to-face interaction among clinicians by augmenting necessary interfaces while eliminating some unnecessary ones on the basis of knowledge needs.
However, despite its multidisciplinary approach, the model fails to present a sufficiently nuanced view of face-to-face interaction in hospitals. It focuses only on face-to-face interactions among clinicians and excludes interactions among other stakeholders, such as patients, patient families, social workers, and hospital administrators. The model does not even consider all the subtleties of face-to-face interaction among clinicians. A more complete model should consider not only the interaction dynamics among different groups of clinicians, but also those among the members within each group.
The scope of the model is also limited with regard to the interaction needs of different categories of patients. The model considers interaction needs only with respect to two specific dimensions of hospitalized patients-level of acuity and complexity. A more complete model should consider additional dimensions of hospitalized patients in more depth-for example, patients receiving reha-bilitative care, palliative care, geriatric evaluation and management, psychiatric and psychogeriatric care, maintenance care, and newborn care. Each of these care regimens would have its own specific dimensions for researchers to focus on.
There are also limitations regarding the discussion of design strategies and tactics for improving face-to-face interaction among clinicians in hospitals. Spatial structure, as described in this paper, is only one feature of hospital design that affects face-to-face interactions. The model has limitations in relation to spatial structure as well.
It is suggested that any spatial structure may be defined by its functional and/or experiential spatial units. However, the use of the functional distribution of spaces to improve face-to-face interaction among clinicians was not addressed. Regarding experiential units of space, the structure of sightlines, as discussed in this paper, rarely provides a complete picture of the experientially rich and complex hospital environment. A more complete model should consider such physical design features as the size, shape, lighting, color, and furnishing of hospital spaces, which also have known effects on face-to-face interactions. 
